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Abstract This paper analyses the ﬁve years’ monitored strains collected from a long-term health
monitoring system installed on a bridge with wavelet transform. In the analysis, the monitored
strains are pre-processed, features of the monitored data are summarized brieﬂy. The inﬂuences of
the base functions on the results of wavelet analysis are studied simultaneously. The results show
that the db wavelet is a good mother wavelet function in the analysis, and the order N should be
larger than 20, but less than 46 in decomposing the monitored strains of the bridge. According to
the strain variation features of concrete bridge, the proper decomposition level is 4 in the wavelet
multi-resolution analysis. With the present method, the strains caused by random loads and daily
sunlight can be accurately extracted from the monitored strains. The decomposed components of the
monitored strains show that the amplitudes of the strains caused by random loads, daily sunlight,
and annual temperature eﬀect, are about 5 με, 25 με, and 50 με respectively. The structural response
under random load is smaller than the other parts. c© 2011 The Chinese Society of Theoretical and
Applied Mechanics. [doi:10.1063/2.1105106]
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Bridge accidents may cause great loss of people’s
lives and property, which make people recognize that
it is very important to construct the long-term health
monitoring systems (HMS) for bridge in its service.
Long-term HMS of bridge is an integrated system to
monitor the responds of a bridge under loads and just
its health state, which assembles modern sensor technol-
ogy, network communication technology, damage iden-
tiﬁcation theory, signal processing and analysis tech-
niques, computer technology and other disciplines. In
the recent years, many health monitoring systems are
built.
Data analysis and processing including feature ex-
traction and damage identiﬁcation have become more
and more important in the research of bridge HMS.
Several methods (mainly based on vibration) have been
developed for structural damage identiﬁcation.1–3 With
the development of signal processing technology,4 it is
possible to carry out the real-time analysis, processing
of data collected from bridge monitoring systems be-
comes possible. Wavelet analysis is one of the newly de-
veloped methods in damage identiﬁcation and data pro-
cessing. Moyo and Brownjohn5 decomposed the strain
data collected from a bridge monitoring system by the
means of wavelet.
In the present paper, the monitored strain data from
HMS of Zhaoqing West River Bridge were analyzed with
wavelet transform.
The Zhaoqing West River Bridge is a contin-
uous box-beam system with a total of eight main
piers and 7 main spans. The length of span is
145.4 m+4×144 m+87 m respectively (Fig. 1). The
a)Corresponding author. Email: lqtang@scut.edu.cn.
cross section of box girder is of single-box and single-
chamber.
The cross sections embedded strain and tempera-
ture sensors of the HMS in girder locate near piers, mid
of span, and 1/4 of span for each span. There are 20
sections with given names as shown in Fig. 1. The em-
bedded locations of strain and temperature sensors in
each section are illustrated in Fig. 2 with given num-
bers of position. A sensor in HMS can be located in
the girder uniquely with the numbers combination of
section and position, such as a sensor named 3-4MID-1
means it locate in upper plate center on cross section in
the “mid” span between pier “3” and pier “4”.
By now, the Zhaoqing West River Bridge has been
monitored more than 5 years by the HMS with the mea-
suring time interval of 1 h for each sensor.
Here, we select the data collected from the sensors
named 3-4MID-1 in 2009 as examples.
There are tens of thousands of data collected from
the current HMS. Among these data, there are some
singular values which may be induced by surrounding
electromagnetic noise, and should be kicked out ﬁrstly.
For the discrete wavelet analysis with dyadic
wavelet, the decomposition level of wavelet transform
should be less than the maximum decomposition level
log2 n (n is the signal length
6). The proper decompo-
sition level of wavelet transform could help to explain
the physical meaning of decomposition results for each
level. The character and the physical meaning of the
signal should be considered to select the decomposition
level.
The recorded strains ε1, ε2, . . . , εn can be organized
as a time series ε(ti) for each sensor. Actually, the mea-
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Fig. 1. Section locations of sensors embedded in the HMS.
Fig. 2. Positions of the sensors in bridge cross section.
sured strain consists of four parts7
ε (ti) = εe (ti) + εC (ti) + εS (ti) + εT (ti) , (1)
where εC (ti), εS (ti) represent the time-dependent
strain due to concrete creep and shrinkage respectively;
εT(ti) represents the strain induced by thermal dilation
of concrete; εe(ti) represents the strain due to random
loads including vehicle loads, ground motions, accidents
and so on.
The thermal strain could be expressed as
εT (ti) = αA+ αT (ts) + αT (td) , (2)
where A is the annual average temperature, α is co-
eﬃcient of thermal expansion, αT (ts) and αT (td) are
the season temporal thermal strain and daily temporal
thermal strain respectively.
With the multi-resolution analysis, the signal could
be decomposed into a series of closed subspaces with
wavelet transformation through the wavelet function of
diﬀerent scales. Each subspace corresponds to certain
frequency band. The J represents the domain of fre-
quency band. As shown in Fig. 3, the result got with
fast Fourier transfrom (FFT) of the signal could be di-
vided into 5 wavelet frequency domains.
The time scales of the decomposition levels are
shown in Table 1. The strain εe (ti) of random events
is caused by instantaneous load, the period is very
small and similar to the period of frequency band lay-
ers of J = 1 and J = 2. The daily temporal thermal
strain corresponds to layers of J = 3 and J = 4, since
they have the same period as shown in Table 1. The
shrinkage and creep strains εC (ti), εS (ti) are the long
term component of concrete strains, which correspond
Fig. 3. Division of FFT spectrum with Wavelet decompo-
sition bandwidth.
Table 1. The time scales of the strain components.
Strain components Band layers Time scale
εe (ti) 1,2 < 8 h
αT (td) 3,4 8–32 h
α (A+ T (ts)) , εC (ti) , εS (ti) 5 > 32 h
to J = 5 layer with the time scale larger than 32 h. The
layers of J = 1, 2, 3, 4 correspond to the high frequency
part of wavelet decomposition, J = 5 corresponds to
low frequency part.
The Daubechies wavelet is adopted in the present
paper to decompose the strain signal. The proper order
of the wavelet function should be selected according to
the orthogonality of frequency band and the limitation
of time domain. Li et al.8 showed that the orthogonal-
ity of frequency band and the time resolution are bad
with the order N < 7, and the properties increase with
N . The overlap of frequency bands should be improved
with N > 20. But with increase of N , the results of
wavelet analysis are inﬂuenced by the base function ob-
viously.
The strains of sensor 3-4MID-1 from 2009/1/1 to
2009/4/30 were decomposed with wavelet base func-
tions db2, db7, db20, db30, db40, and db45, respec-
tively. The trend components (a4) are shown in Fig. 4.
The curves of db2 and db7 are not smooth enough to
exhibit the trend of the signal. The curve of db7 is a
little better than that of db2. The other curves are well
repeated which means that the properties of these base
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Fig. 4. The “a4” of db2, db7, db20, db30, db40, db45.
Fig. 5. Detail components d4.
functions could characterize the trend of the signal well.
The wave shapes of trend component (Fig. 4) and
the detail components (Fig. 5) tend to stability with
the order N > 20, which means that the wavelet base
functions of this range are ﬁtful for the multi-resolution
wavelet analysis.
The wavelet of db30 is selected as the base function
in the present paper to decompose the monitored strain.
The multi-resolution is carried out to analyze the mon-
itored strain of 3-4MID-1 from 2009/1/1 to 2009/4/9.
The results are shown in Fig. 6. The component of
layer a4 can represent the trend of the strain, which
corresponds to the creep and shrink of concrete and the
season thermal eﬀects.
The details of layer d3 and d4 are shown in Figs. 7
and 8. The periods of layer d3 and d4 are about 12 h
and 24 h corresponding to the daily thermal eﬀects.
The amplitudes of the strains caused by random loads
(d1,d2), daily temperature eﬀect (d3,d4), annual tem-
perature eﬀect (a4), are about 5 με, 25 με, and 50 με,
respectively.
The period of layer a4 of the decomposed signal is
larger than 32 h, which means that the daily thermal
eﬀect are decomposed from the original signal, but the
thermal eﬀects of large period are still included. As
shown in Fig. 9, the monitored temperature dropped
twice from 2009/1/1 to 2009/4/9 because of the climate.
The time of the temperature dropping stage is about
500–800 h and 1 400–1 750 h, which is the same as the
time of the strain decrease signal of layer a4 as shown
Fig. 6. The 4 level wavelet decomposition.
Fig. 7. Components of layer d3.
Fig. 8. Components of layer d4.
Fig. 9. The monitored temperature.
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in Fig. 10.
In the present paper, the monitored strains were de-
composed with Daubechies wavelet. The wavelet func-
tion db30 was selected as the base function to decom-
pose the monitored data.
The signal was decomposed into 4 layers, the strain
due to random loads corresponds to the layer d1, d2
and the daily thermal eﬀect corresponds to d3, d4. The
thermal strains due to fast temperature drop, season
and annual temperature variety, shrinkage and creep
are all included in the trend component a4.
Fig. 10. The approximation of laver a4.
The amplitude of the strains caused by random
loads, daily sunlight, annual temperature eﬀect, is
about 5 με, 25 με, and 50 με, respectively. The vari-
ation of the monitored strain is mainly caused by the
thermal eﬀects, shrinkage and creep, the structural re-
sponse under random load is smaller than these parts.
The period of layer d3 is about 12 h, which is diﬀer-
ent from the period of sunlight. It is a quite strange pe-
riod, which may imply some unknown phenomena and
is worthy of further study.
The localized reliability around the sensors could be
calculated according to the trend component a4 of the
monitored strains.
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